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SOME  ACUTE  AND  CHRONIC  EFFECTS  OF  ENDRIN  ON  THF  BRAIN 


I.  Introduction. 

TTntil  the  chlorinated  hydrocarbon  pesticides 
(CUPs)  are  more  sharply  limited  in  use  they  will 
continue  to  present  a  potential  hazard  to  aerial 
apj)licator  personnel :  The  CHPs  are  neiirotoxins 
which  can,  in  sufficiently  high  doses,  cause  be¬ 
havioral  disorders,  convulsions  and  deatli  (Win- 
teringham  and  Barnes,  lOSS/  .Tames  and  Davis, 
1965 ;  Hayes,  1965) .  Although  applicators  seldom 
receive  single  doses  of  these  compounds  large 
enough  to  cause  seizures,  it  is  necessary  to  eval¬ 
uate  whether  brain  functions  can  be  affected  by; 
1.  subconvtilsive  single  doses,  or  2.  chronic  ex¬ 
posure. 

Toxic  concentrations  of  CHPs  in  the  brain  can 
arise  in  two  ways.  Accidental  exposure  may  oc¬ 
cur  and  absorption  of  the  CHPs  can  then  result  in 
acute  poisoning.  More  generally,  CHPs  are  pres¬ 
ent  in  and  absorbed  from  our  environment.  These 
CHPs  are  stored  in  varying  amounts  in  body 
fat  and  lipid  (Hayes,  1965),  and  this  chronically 
stored  CHP  could  also  represent  a  hazard  if: 
a)  continuous  release  from  storage  occurred  at  a 
“significant”  rate;  b)  sufficient  amounts  could  be 
released  from  storage  by  stimuli  such  as  starva¬ 
tion  or  emotional  stress;  c)  some  quantity  of  CHP 
was  strongly  bound  to  nerve  cell  membrane  and 
thus  caused  a  “permanent”  alteration  in  the  func¬ 
tions  of  the  neurone.  Some  direct  or  speculative 
evidence  can  be  adduced  for  each  of  these  possi¬ 
bilities  (e.g.  Date  et  al.,  1962;  Haymaker  et  al., 
1946)  but  more  information  seemed  desirable  ia 
view  of  the  potential  hazards  involved. 

Such  information,  on  the  mechanisms  of  the 
toxic  actions  of  the  CHPs  on  the  brain,  is  useful 
in  two  ways.  Knowledge  nlxnit  the  effects  on  the 
brain  can  be  used  to  predict  the  exposure  levels 
at  which  perforwiance  changes  may  be  exiiectcd 
in  exposed  aerial  applicator  personnel.  The 
changes  in  brain  functions,  mirrored  in  EEG 
shifts,  may  be  useful  in  the  diagnosis  of  or  eval¬ 
uation  of  the  extent  of  imisoning. 


Two  scries  of  experiments  were  ir.iiinted :  one 
was  designed  to  analyze  of  acute  ndminis^ratt<m 
of  selected  CHPs  on  the  brain,  the  second  to  ana¬ 
lyze  the  conseqiiences  of  chronic  exi)osure  to 
CHPs.  In  Ijoth  studies,  changes  in  brain  bio¬ 
electrogenesis  were  used  as  indices  of  CUP  ac¬ 
tion.  Two  types  of  brain  iwtentials  were  studied. 
Evoked  potentials  (EPs)  are  those  induced  in 
si>ecific  brail!' nuclei  by  stimuli  contixilled  by  the 
experimenter.  The  EPs  are  easy  to  analyze  and 
were  intended  to  lie  the  primarj’  data  of  these  ex¬ 
periments.  Spontaneous  activity  as  recorded  on 
the  electro-encephalogram  (EEG)  is  that  occur¬ 
ring  in  the  absence  of  any  overt  external  stimuli. 
The  EEG  is  a  sensitive  qualitative  indicator  of 
drug  actions  but  is  very  difficult  to  quantitate  or 
analyze  (Fink,  1969). 

It  would  be  most  desirable  to  test  the  effects 
of  the  CHPs  directly  in  man.  However,  in  tox¬ 
icity  studies,  such  as  this,  it  is  necessary  that 
dosage  be  manipulated  over  a  very  large  range. 
This  cannot  be  done  with  the  CHPs  in  man  due 
to  the  extremely  hazardous  nature  of  these  com¬ 
pounds.  Consequently,  these  experiments  were 
designed  for  and  executed  in  animals  selected, 
ns  will  be  noted,  for  their  applicability  to  the 
questions  to  be  asked. 

Anecdotal  evidence  from  aerial  aiiplicator  per¬ 
sonnel  available  in  this  laboratory  suggested  that 
CHP>,  particularly  endrin,  significantly  affected 
visual  mechanisms  in  the  brain.  Studies  in  ani¬ 
mals  lend  some  support  to  this  (Bundren  et  al., 
1952;  .Tames  and  Davis,  1965).  Tins  hypothesis, 
(hough  speculative,  did  suggest  the  choice  of  the 
neuronal  pathways  used  in  our  studies.  Bevzin 
and  TCarten  (1960/67)  have  described  an  avian 
visual  projection  pathway  from  retina  to  optic 
tectum,  thence  to  nucleus  rotundus  thalami  and 
thence  to  ecotostriatum  (a  large  telencephalic 
nucleus).  The  rotundo-ectostriatal  projection  of¬ 
fers  unique  advantages  as  a  neurojffiannacological 
test  site,  for  nucleus  rotundus  has  only  one  set  of 
alferent  fibers,  that  from  the  optic  tectum  (Karten 
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iind  Hovzin,  ISHU?)  wliilo  ocostrintum  has  but 
two  sots  of  iilU'ionts,  that  from  rotundus  and 
from  tho  asceudinj;  reticular  activating  system 
( A  U  AS ) .  Tl\tis,  recording  electrodes  in  ectostria- 
tum  can  sample  responses  to  two,  and  only  two, 
in|)ut  systems.  Such  isolation  greatly  simplifies 
the  interpretation  of  drug  elTects,  Consequently, 
tiie  acute  experiments  were  done  on  anesthetized 
pigeons.  It  was  also  desirable  to  extend  the  re¬ 
sults  to  mammals,  and  to  do  chronic  studies  which 
are  technically  difficult  in  pigeons.  Therefore, 
squirrel  monkeys  (Saimiri  sciureus)  were  used 
in  the  chronic  studies. 

Endrin  is  the  most  toxic  of  the  common!}’  avail¬ 
able  CHPs  (Radeleff,  1964),  and  was  a  source 
of  great  conceni  when  these  studies  were  begun. 
Therefore,  both  acute  and  chronic  experiments 
were  done  using  endrin,  DDT  and  lindane  have 
also  been  studiod  in  the  acute  experiments  since 
they  represent  other  groups  of  CHPs  in  use. 

II.  Methods. 

A.  Pigeon.  Urethane  anesthetized  white  car- 
neaux  pigeons  were  used.  The  animals  were  held 
in  a  special  head  holder.  Electrodes  were  posi¬ 
tioned  stereotaxically  (Karten  and  Hodos,  1965) 
and  their  location  was  confirmed  histologically  at 
the  end  of  the  experiment,  using  frozen  sections 
of  the  brain  stained  with  cresyl  violet  acetate. 
Tlie  recording  electrodes  were  micropipettes  filled 
with  3M  NaCl  with  a  tip  resistance  of  around  one 
megohm.  Stimulating  electrodes  were  3-barrelled 
micropipettes  (Tripettes)  with  an  over-all  tip 
diameter  of  about  50  gm,  filled  with  either  3M 
NaCl  or  with  0.9^  NaCl  solutions.  The  small 
size  of  these  tripettes  permitted  stimulation  of 
ver}’  small  tissue  volumes,  a  desideratum  in  the 
small  brain  of  the  pigeon.  Recording  electrodes 
were  positioned,  usually,  in  hyperstriatum  aoces- 
sorium,  neostriatum  caudale  and  ectostriatum 
(Fig.  1).  Stimulating  electrodes  were  placed  in 
nucleus  rotundus  thalami  and  in  nuclei  of  the 
ascending  reticular  activating  system  (ABAS), 
chiefly  nucleus  pontis  oralis.  Tlie  CHPs  in  the 
pigeon  were  most  usually  gi%'en  intrarenoutiy 
in  an  emulsion  of  com  oil  and  saline,  the  «nnl- 
sifying  detergent  being  polyoxoethykne  smhHan 
mono-oleate.  Solutions  of  the  CHPs  in  ethyl 
alcohol  or  dimethyl  sulfoxide  were  also  used. 
Tliere  was  no  qualitative  difference  relative  to 
CHP  effects  among  the  solvents,  nor  did  the  sol¬ 


vents  exert  any  effects  of  their  own.  Conven¬ 
tional  electrophysiological  ink  writing  and  oscil- 
loscopic  recording  tecliniques  were  used  and  an 
ND-800  *‘Enhancetron”  was  used  to  compute 
average  evoked  potentials. 

B.  Squirrel  Monkeys.  Male  squirrel  monkeys 
(Saimiri  sciureus  weighing  at  least  600  grams 
were  anesthetized  with  pentobarbital  and  placed 
in  a  stereotaxic  instrument.  Bipolar  stainless 
steel  wire  electrodes  were  positioned  in  risual 
cortex  bilaterally,  lateral  geniculate  body,  su¬ 
perior  colliculus,  lateral  amygdalar  nucleus  and 
ventral  hippocampus.  Electrodes  were  also  posi¬ 
tioned  in  the  pulvinar  nucleus  and  temporal  cor¬ 
tex  in  two  animals,  but  these  leads,  unfortimately, 
developed  defects  and  were  unusable.  Wire  leads, 
were  run  from  the  electrodes  to  q  “micro-ribbon” 
connector  and  the  assembly  was  anchored  to  the 
animaFs  skull  by  wood  screws  and  dental  acrylic. 

A  standard  recording  sequence  was  followed 
for  all  animals.  Two  to  three  weeks  after  the 
surreal  procedures  the  recordings  began.  Each 
morning  the  animal  was  placed  in  a  conventional 
two-plate  restraint  chair  and  a  cable  was  plugged 
in  to  connect  the  electrodes  to  the  stimulating  and 
recording  apparatus.  Stimulating  pulses  were 
derived  from  Tektronix  wamform  generators  via 
a  Bioelectric  Instruments  isolator.  Inputs  from 
recording  electrodes  were  taken  to  a  Grass  Model 
6  EEG  machine  for  ink  recordings  of  EEGs. 
EPs  were  recorded  using  a  Nuclear  Data  ND-800 
averager  and  an  X-Y  recorder.  EEG  record¬ 
ings  were  taken  from  all  leads.  The  evoked  po¬ 
tentials  recorded  included  lateral  geniculate- 
risual  cortex,  superior  colliculus-lateral  geniculate 
and  amygdala-hippocampus.  Stimulus  param¬ 
eters  and  amplifier  gains  were  constant  through¬ 
out  the  months  of  the  study. 

A  complete  cycle  of  EEG  and  EP  recordings 
was  taken  hourly  for  8  hours,  then  the  animal 
was  returned  to  its  cage.  This  was  done  for  5 
days  per  week;  tiie  animal  was  then  imdisturbed 
for  2  days.  After  4  weeks  or  more  of  recordings 
for  normative  data,  drug  administration  was  be¬ 
gun.  The  endrin  was  injected  intramuscularly 
in  a  com  oil  and  saline  emulsion.  Injection 
volume  did  not  exceed  0.05  cc  and  injections  of 
“blank”  emulsion  were  given  throughout  the 
“normative”  and  recovery  periods  to  control  for 
injection  and  solvent  artefacts.  The  drag  was 
injected  after  the  second  recording  of  the  day. 
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so  that  oil  each  day  th.ero  were  *2  piv-driip  and  (*» 
posr-dnif!:  iwordinjus.  Dni};  adniinistration  was 
continued  until  seizure  plieuoniena  were  seen  in 
the  KEG.  Endrin  injection  was  then  stopiicd 
and  recovery  was  followwl  for  at  least  one  month. 
'I'hree  monkeys  liave  lieeri  studied  to  <late,  “Cliar- 
lie,”  “Bob’-  and  “Jim.’’ 

III.  Results. 

Acute  Studies  hi  PUjeonn.  Fifiure  1  summarizes 
the  results  of  the  evoked  potential  studies  in 
anesthetized  pi{»eons.  .\s  can  l)c  seen  in  the  inset 
sketch  in  Figure  1,  the  retundo-ectostriatal  evoked 
potential  has  several  comimnents.  'I'he  initial 
radiation  rcsimnse  is  due  to  the  activity  in  the 
terminal  ends  of  the  nerve  lilwrs  carrying  the 
nerve  impulses  resulting  fiviin  the  electrical  stim¬ 
ulation  of  nucleus  rotundus.  The  radiation  re¬ 
sponse  was  not  alfecled  by  any  of  the  CITPs 
tested,  and  will  not  he  further  discussed.  The 
late,  iMisitive-going  comiionents  of  the  evoketl  jio- 
tential  were  affected  by  the  CITPs  but  the  changes 
j..arallcled  those  seen  more  clearly  in  the  nega¬ 
tive  waves  (In  the.  Figure,  negative  deflections 
are  upward). 

Following  the  radiation  resi>onsc  there  are  two 
overlapping  negative  waves,  the  jirimary  and 
secondary  negative  waves  or  responses.  The 
significance  of  the  negative  waAcs  may  lie  briefly 
summarized.  The  incoming  impulses  from  the 
stimulated  nucleus  rotundas  excite  the  ncumnes 
in  ectostriatum.  The  primary  negatiAC  Avave  is 
a  reflection  of  the  bioelectric  eA*ents  occurring 
during  this  excitation.  The  stimulatwl  ectostriatnl 
neurones,  in  turn,  excite  and  inhibit  other  ecto- 
striatal  neurones,  which  like  those  primarily 
stimulated,  may  either  terminate  Avithin  ecto¬ 
striatum  or  send  projections  to  other  brain  nuclei. 
The  secondary  ncgatiA’c  AvaA'e  re]>rcsents,  in  large 
part,  the  actiA-ation  of  these  other  ectostriatnl 
neurones.  TJie  secondary  Avaves  AA’ere  seen  in  40% 
of  the  animals  studied. 

Endrin  enhanced,  or  facilitated,  the  primary 
negatiA-c  AvaA'C  of  the  rotundo-ectostrintal  cA-oketl 
resiionse.  The  threshold  dose  for  this  facilitation 
was  O.,**  mg/kg.  Maximum  effects  of  endrin  Avere 
seen  at  around  3.0  mg/kg,  a  dose  Avhich  Avas  near, 
or  at,  seizure  threshold.  Maximum  increases 
.seen  rangeti  up  to  2.’>0%  of  control  amplitude, 
although  the  rcsiAonse,  vA'en  to  large  doses,  was 
usually  rather  less  than  this  (Figure  1).  The 
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endrin  ell'octs  liegan  to  dcA'clop  Avithin  15  minutes 
of  injection;  the  maximum  ellects  Avere  seen  in 
30-40  minutes  and  the  effects  peisis^ed  for  the 
remainder  of  the  cxjieriment,  G-7  horn's.  No 
statistically  significant  changes  AA’ere  ^n  in  the 
s<?condary  Avavc. 

DD'r,  in  contrast  to  endrin,  had  no  significant 
elfect  on  the  jn'iniary  negative  aaum^  of  the  re- 
sjwnse.  DDT  did,  lioAvever,  facilitate,  the  second¬ 
ary  AAiive  of  tlic  response.  This  Avas  seen  either 
as  an  absolute  increase  in  secondary  AvaA-e  amjdi- 
tude  or,  in  larger  doses,  as  the  appearance  of 
the.  secondary  Ava\'e  after  DDT  injection.  Avhen  no 
secondary  aaiivc  had  been  prcscol  .n  the  control 
recordings.  Tbe.  tlireshold  dose  for  this  DDT 
effect  Avas  25  mg/kg:  maximum  effects  AA-ere  seen 
at  100  mg/kg.  The  DDT  effects  appeared  Avithin 
45  minutes  of  injection:  maximum  effects  de- 
A-eloiAcd  Avithin  2  hours  and  persisted  for  the 
duiiition  of  the  exi>eriment,  0-7  hours  (T*  igurc  1). 

Lindane  affected  both  the  primary  and  second¬ 
ary  negatiA'c  avoa'cs,  although,  in  contrast  to  DDT, 
secondary  Avave  changes  Avere  not  iiiA'ariably 
seen.  Tiireshold  doses  of  lindane  AA'ere  3-0  mg/ 
kg:  maximum  effects  AA-ere  seen  after  1.5-20  mg/ 
kg.  Lindane  effects  Avere  seen  Avithin  30  seconds 
of  the  lieginning  of  injection:  maximum  effects 
AA-ere  seen  Avithin  one  minute  and  the  res|)onses  to 
control  amplitudes  in  1-2  houi*s  (Figtire  1). 

In  summary,  endrin  affected  the  primary  nepi* 
tiA-c  AA-aA-c  of  the  retundo-ectostriatal  evoked  re* 
sjjonse,  DDT  affected  the  secondary  Avavo,  and 
lindane  affected  Iwth.  Pharmacologically,  this 
means  that  endrin  and  DDT  act,  in  this  system 
at  least,  on  different  receptor  sites  AA-hile  lindane 
may  act  on  lioth  “endrin"  and  “DDl”'  receptors. 
Similar  conclusions  regarding  these  CHPs  haAO 
lieen  reached,  based  <in  radically  different  ap¬ 
proaches  (Georghiou,  1!K5.5:  SoloAA-ay,  100i»). 
Thus,  where  more  than  one  of  these  CHP.s  is 
present  in  an  animal,  their  brain  effects  Avill  lie 
indciwndcnt  of  each  other.  Note.  hoAvever.  that 
since  endrin.  DDT  and  lindane  are  convulsants. 
their  effects  Avill  tend  to  add.  phenomenologically 
at  least.  The  aA-ailable  eA-idence  (Revzin.  lOfiO: 
R©A-zin.  IWO  and  in  lAreparation)  indicates  that 
the  CHP  effects  aliOA-e  are  due  to  a  direct  action 
on  ectostriatnl  neurones.  Since  ectostriatum  is  a 
A-isual  s.A-stem  nucleus  in  birds,  (RcA-zin  and 
Karten,  ifffiff/inr.T:  Revzin.  in  preparation),  these 
(TIPs  can  effecl  visual  jierfomance  in  exposed 


:llliin;ils.  Il  -^liulllil  also  lie  |iot**!l  tliilf,  for 
(  III‘  Irstial,  I  hr  ( lii'rsliohl  dosr  for  |<'|’  rlffM'ts 
w  as  aroiiiul  ‘Jh  ‘J't' i  of  thr  sri/iin*  llirrsliold  dos«*. 

1  hr  |troliahlr  sir-iiiliraiirr  of  this  will  In* 
at  iTfralrr  Iriioth  in  thr  ;r(Mn«ral  disriission. 

f  liriiiix'  S  t  ml  ns  / !'  I/s, 

/■' /‘ofi  iifi/r/s.  'I'hr  studios  iiiidiM'tiikon  in 
the  rhroiiir  tiiotdvi'vs  wrir  \a*rv  larooly  orionlotl 
toward  aiialysrs  <d'  tnokrd  |iotriitials  as  a  rosiilt 
t»f  the  findiiii's  in  thr  |>ioron  studios.  Tho  KKfS 
studios,  roportod  holow,  wotv,  in  soino  rosi»eots, 
an  a  florthon^dit.  llowovoi.  no  sijjniliratit  oiidrin- 
indnrod  rlian;ros  in  o\«»kod  p*»tontial  rliartiofor- 
wrrr.  srr?(  in  this  stinlv.  Sfinio  siiojios- 
tivo  tivnds  woro  ptvsont  and  art*  sorrinfr  as  a 
basis  for  a  frosli  ox|H>riinontal  approarli,  Imt 
fnrthor  dismssion  of  tho  evoked  potential  data 
is  not  relevant  to  the  present  pajH'r  sinee  the  re¬ 
sults  were  nejiative. 

EKG,  S|)ontaneons  brain  eleotrical  activity 
was  monitored  at  all  fnurtioninj'  electrodes.  Ih?- 
havionral  noto.s  were  also  made  in  the  protocol 
to  indicate  the  state  of  tlio-  animal  (sleepy,  alert, 
e.xcited,  moving  violently,  etc.)  durin/j  the  re¬ 
cordings.  However,  the  analysis  of  EK(»  records 
presents  some  diflicnities.  It  is  a  .simple  matter  to 
decide  whether  or  not  a  seiztire  was  present,  as 
a  brief  look  at  Figure  *2  and  Fipurc  3  will  show. 
It  is  a  much  more  difficult  matter  to  decide 
whether,  and  to  what  extent,  any  jjiven  iwordinir 
difrei*s  from  another.  In  practice,  the  combined 
judfiments  of  three  cxi»erienccd  observers  were 
supplemented  by  "naive”  ol)servers  from  other 
lalmratories,  all  looking  at  control  and  e.xjwri- 
mental  ivconlings  which  were  matched  for  “alert¬ 
ness."  time  of  day  and  other  variables.  Thus,  ex¬ 
cept  for  ‘‘.seizure  versus  noti-seizure,"  all  the  fol¬ 
lowing  REG  data  are  (jualitative  and  must  be 
legarded  with  .some  caution,  especially  with  re¬ 
gard  to  thre.shold  elTects. 

The  first  animal  studied  was  Charlie  (Figure 
•J).  (Charlie  was  given  endrin  at  the  rate  of  0.2 
mg/kg/day.  After  5  days  some  EE(»  changes 
were  seen,  though  admittedly  very  slight.  As  the 
ex|ieriment  progressed,  the  EEG  changes  liecame 
progiessively  more  severe,  though  the  rate  of 
change  was  slow.  After  4  weeks,  the  dose  rate 
was  increased  to  0.4  mg/kg'day  and  the  rate 
of  changi*  of  the  EEG  increased.  After  a  total 
d(jse  of  0.0  mg/kg  the  EEG  changes  xvere  quite 


marked  with  a  great  increase  in  “spiking”  and 
high  frequency  activity  (Figure  2).  Behavioural 
observations,  though  imprecise,  suggested  that  the 
liehnvioural  cluinges  paralleled  tlie  EEG  changes. 
An  increase  in  e.xcitability  or  irritability  was  seen 
as  endrin  dosage  continued,  together  witli  a  va¬ 
riety  of  vi.snal  and  se.xual  automati.sms. 

.\t  a  total  dose  of  10  mg/kg,  seizures  developed 
in  all  leads,  though  activity  in  amygdala  is  most 
prominent  in  Figure  2.  During  the  seizure  the 
monkeys  eyelids  were  closed  and  twitching,  there 
was  some  limb  rigidity,  and  occasional  clonic 
movements  and  severe  salivation  together  with 
penile  erection  were  seen.  The  seizure  lasted 
about  2  minutes,  and  recurred  at  30-40  minute 
inlorvals  for  about  3  hours.  Full  “grand  mal” 
epileptiform  seizure  phenomena  were  not  seen  in 
any  of  the  3  “chronic”  animals,  although  such 
patterns  could  be  induced  by  much  largsr,  and 
lethal,  quantities  (unpubli.?hci  obserx’ations) . 

Endrin  administration  was  discontinued  after 
the  seizures,  through  recordings  and  “blank”  in¬ 
jections  continued.  Three  weeks  after  the  sei- 
ziires,  EEG's  and  behavior  were  still  “abnormal” 
(Figure  2).  At  the  end  of  this  three  weeks, 
reconlings  on  Charlie  were  discontinued  and  the 
other  two  animals.  Bob  and  Jim,  were  studied, 
seriatim.  Results  of  these  experiments  w’ere 
similar  to  those  in  Charlie  in  that  EEG  changes 
and  behavior  changes  were  seen  after  rela¬ 
tively  small  total  doses  (of  the  order  of  0.5-1.0 
mg/kg)  and  general  electrographic  seizures  even¬ 
tually  develojied.  However,  the  daily  endrin 
doses  used  in  Bob  and  Jim  were  larger  than  in 
Charlie  and  the  total  doses  at  which  seizures  de¬ 
veloped  were  of  the  order  of  half  that  for  Charlie. 
The  EEG's  of  Bob  and  Jim  returned  very  nearly 
to  pre-injection  baseline  within  2  weeks  of  stop¬ 
ping  endrin. 

As  indicated,  after  their  experimental  trials, 
Charlie,  Bob  and  Jim  were  simply  maintained 
in  their  home  cages.  Over  a  iieriod  of  months, 
tho  animals’  behavior  returned  toward  control 
levels,  the  only  overt  signs  of  poisoning  being 
“hyperirritability”  and  weight  loss.  Tiien,  re¬ 
cordings  were  resumed  for  a  week  or  two  in  each 
animal  to  check  long-term  EEG  changes,  if  any. 
The  events  seen  during  this  week  were  identical 
in  all  animals,  and  will  be  described  as  they 
occurred  in  Bob,  the  animal  receiving  the  lowest 
total  dose  of  endrin  (4.5  mg/kg). 
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Hoi)  was  placed  in  flic  restraint  chair  and  re- 
cordiiifpj  were  l)effmi  at  10:00  A.M.  on  a  Monday, 
liie  animal  was  obviously  <listi‘essed  by  this 
[)rocedtnv  for  there  was  much  stni;'«rlin«r  and 
vfM*  ilization  in  the  chair,  a  sharp  <‘ontrast  to 
Hob's  quiet  and  cooperative  l)ehavior  diirin^I  the 
entire  course  of  the  main  experiment.  'I'he  EEfl 
at  this  time  showed  more  "spikino"  than  several 
moiiths  before,  hut  was  not  strikin^jly  abnormal 
and  soon  “quieted  down"  (Eifrure  :{)  as  Hob's 
Itehaviorai  distress  altated.  This  jtattern  con¬ 
tinued  without  much  chanj'e  until  1‘2:10  P.M. 
when  some  blinkinfr,  starinj;  and  other  visual 
automatisms  api^ared.  They  were  similar  to 
those  seen  durinj'  the  endrin-induced  seizures  in 
this  animal  and  were  associitted  with  abnormal 
trains  of  spikes  in  the  lateral  <>enicuiate  body 
(Figure  3).  Tiie  EEG  abnormalities  and  l)e- 
havioral  changc.s  bccam"  ^nro  itnn-ked  until,  at 
12 :4.')  P.M.,  full  electrographic  sciztires  de\  eloped, 
initially  in  the  lateral  geniculate  and  in  striate 
cortex  (Figure  3).  The  seizure  pattern  was 
identical  to  that  induced  by  ehdrin  administra¬ 
tion  4  months  Ixsfore.  Seizures  racurred  ,at  1 :30 
P.M.  (Figure  3)  and  at  3:00  P.M.  It  must 
be  ^emphasized  that  Bob  had  received  no  injec¬ 
tions  of  any  kind  for  nearly  four  months,  and  that 
endrin  had  l)een  discontinued  17  weeks  pre¬ 
viously.  The  next  day,  Tuesday,  Bob  was  less 
disturbed  at  being  put  in  tbe  chair  and  no 
seizures  occurred,  though  the  EEG  seemed  grossly 
abnormal.  By  Wednesday,  Bob  was  again 
adapted  to  the  experimental  routine  and  the 
EEG  throughout  this  day,  and  those  following, 
resembled  the  12:00  reconl  in  Figure  3 — which 
was  not  very  different  from  the  control  jieriod 
records. 

In  summary,  the  chronic  monkey  studies  have 
demonstrated  that  chronic  administration  of  end¬ 
rin  can  lead  to  convulsions.  This  was,  iierhajis, 
not  surprising  (Winteringham  and  Barnes,  lO.'i.")). 
However,  the  recurrence  of  seizures,  under  stress 
conditions,  months  after  termination  of  endrin 
administration  demonstrates  most  emphatically 
that  the  endrin  stored  in  the  l)ody  after  eximsure 
can  not  be  regarded  as  toxicologically  inert. 

General  Dhcxmion.  Three  general  conclu¬ 
sions  emerge  from  the  preceding  work.  Tlie 
first  conclusion  is  that  CIIPs  can  affect  central 
nervous  system  sensory  processing  at  doses  sub¬ 
stantially  below  lethal  or  convulsiA*?  levels.  Con¬ 
sequently,  the  ijerformance  and  l)ehavior  of  the 


|K)isoned  animals  can  l)c  affected  in  the  absence 
of  the  tremoi-s  and  seiziire»  generally  considered 
to  lie  the  overt  signs  of  CHP  intoxic,afimi.  Two 
questions  arise  immediately:  1.  Are  the  conclu¬ 
sions  valid  for  animals  other  than  pigeons  ?  2.  Do 
such  Cl  IP-induced  changes  in  brain  electrogenesis 
constitute  a  hazard  for  man.  However,  to  take 
jtist  two  points,  the  participants  in  a  lecent  sym- 
|>osiuni  on  ".'^tibcortical  Visual  Systems  in  Verte¬ 
brates"  (Brain,  behavior  and  Evolution,  107i>,  in 
preparation)  agreed  ti)at  tliere  is  ;>  high  degree 
of  similarity  in  the  f)rganizati»)n  .ox!  function  of 
the  brains  of  reptiles,  birds  and  mammals. 
Furthermore,  the  l)ehavioral  secjuelae  and  sei¬ 
zure  patterns  s(*en  after  lethal  doses  of  the  CHPs 
were  similar  when  tested  in  j)igeons,  rats  and 
monkeys  (Bevzin,  un])ublished  observations: 
Kadcleff.  1904;  Winteringham  and  Barnes,  19.^»5). 
For  these  reasons,  among  many,  the  CTTP-!  may  lie 
expected  to  catise  similar,  but  not  necessarily 
identical,  brain  dysftmetions  in  all  vertebrates. 

It  is  more  difficult  to  address  the  question  of 
the  extent  of  the  hazard  ])osed  by  the  effects  on 
the  brain  of  sub-letbal  doses  of  CHPs.  The 
answer  to  this  question  l)ecomes  primarily  a  ques¬ 
tion  of  dose,  how  much  CHP  is  present,  the  time 
interval  over  which  exposure  occurs,  the  amount 
of  stored  CHP  and  so  forth.  Thus,  the  answer 
to  tim  question  is  intimately  involved  with  the 
second  general  conclusion  from  the  reported  work, 
and  will  l)e  discussed  with  it  in  the  following 
paragraphs. 

The  second  general  conclusion  of  this  pajier  is 
that  CHPs  “stored"  in  body  fat  or  lipid  are  not 
toxicologically  inert  but,  ratber.  can  be  mobilized 
and  may  then  c.ause  toxic  responses  in  the  brain. 
This  was  shown  by  the  recurrence  of  seizures  in 
monkeys  .some  four  months  after  endrin  injections 
had  stopped.  The  mechanism  for  the  seizure  re¬ 
currence  is  obscure.  The  CHPs  could  have  been 
released  from  bo<ly  fat  as  a  sequelae  of  emotional 
stress,  or  the  compounds  could  have  l)oen  Ivaind 
in  the  brain  substance  and  thus  have  altend  the 
response  of  the  central  nervous  system  to  stress 
conditions.  The  author  i)refers  the  former  ex¬ 
planation,  although  available  data  is  inconclusive. 
It  is  e.xtremely  unlikely  that  tlie  seizures  were  a 
mechanical  artefact  caused,  say,  by  movements  of 
the  plug-plectixxle  as.sembly.  Consider  the  follow¬ 
ing  |)oints:  the  .seizures  develo|>ed  over  two  to 
thre.  hours  after  tbe  animal  was  connected  to  the 
apparatiis:  the  .seizures  were  seen  only  on  the 
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lii-t  .|;i\  i.|  UTonliiijr  ihc  KKC  :iliii'>rn)!ilitips 
\uiM-ti''(|  ft-  the  I'pimI jiistt'tl  lo  Ili«> 

sitii:in<>n;  (Ilf  ■■••i/.m’*' ;  <ik*vp|.ij.,i|  in 
ill  llll'ff  ;  ihfif  ||<)  ;ll);ltoihif;||  «vi- 

'Ifii'f  1*1  tin)i^ii:il  111-  f\tfMsi\c  (liiiiitiiri*  :•(  Jlif 
^i(f'  of  flf.Mr.nlf  TiiUfii  (iiy-ftlifr  tlipsp 

iiulifiitf.  ;i^  '■i:<(f<|.  ilif  sfizuivs  won* 
n"(  an  ai'(<‘i.:fl  of  loi-al  nifi-haiiii'al  <laiii:i*^*  to 
tlif  licaiii. 

I  Ilf  animals  slinwiuf  si  rfss-imluffd  sfix.uivs 
hail  ifffivfd  (Ola I  fiidiiii  dosfs  of  t.;.  mj^  U*;  »»r 
iinii'f;  l..-(  iiif  ki;;  is  a  \fi'y  lai'^rf  dosf  of  ciidriii 
wliifli.  al  a  \fry  coufli  fs(  iiiiatf.  wouhl  Ifatl  lo 
••'^tl|•f  til  cat  ions  in  ihi*  fat  of  nionkfvs  of  ahoi:t 
in>ni.  aftfc  four  months.  Tlif  piffon  studios 
■liiotfd,  and  sonif  ( nnimhlishfd )  to.vifily  slmlios 
■"howfd  that  thf  catio  of  tho  thcoshold  doso  for 
l•han;;fs  (o  thf  thff'ihold  dost*  for  soiziitvs  was 
idioni  .1:1  for  oiidrin.  I":l  fan  Ih'  assiimod  to  lio 
•■onsfiaalivf  and  alh>\v  for  nifthodolojrical  tin- 
fi'vtaintii's.  'I’hns,  ifi  stross  lo  an  animal  osirry- 
ini:  ppm  of  ondrip  in  its  fat  ran  indiioe  .sei- 

/.iins,  tho  samo  stro.ss  to  an  aniMial  storing?  2,r> 
ppm  tnay  indtioo  KK(i  or  KP  ami.  prosmnably, 
iH'liavionil  fhanoi*s.  Aoain,  to  Ih*  consorvativc, 
it  apfit*iks  that  O.a  to  I.t)  |ipm  of  ondrin  in  I>ody 
fat  hrain  of  man  or  animals  mUtht  Ik*  liazanlous. 
.Voto  that  tlioso  "potontially  hazanlnns  lovols"  arc 
ftaidf  ostimalos  hasod  on  ;i  varioty  of  data  on  rates 
of  oliminatioii.  molalH»lif  patterns  and  poroenta«re 
of  hody  fat  in  the  animals  fonoerncd.  Possibly 
for  this  reason,  possibly  Iieoanse  .stress  release 
fansos  hijrlior  tKaii  normal  hUtot!  levels  of  CTTPs 
(Keane  and  Zavmt,  WO),  the  ••|Kitentially  haz¬ 
ardous  levels"  estimated  al*ove  are  lower  than 
Ihost*  nsiially  eitetl  as  eansiiiir  loxie  it*aetions 
( Winteriiifrliam  and  Barnes,  in.ar»).  However, 


the  above  estimated  “liazardous”  levels  are  also 
••onsiderably  alM>ve  the  levels  ^sieriilly  en- 
emmtered  i«  the  |timaii  pepiilatiw 
IJXVa).  In  this  ivsjicct,  at  Ie.a8t,  the  Oj^Ps  can¬ 
not  presently  bo  called  liealtb  hazards  to  the 
;;eneral  public,  but  occupationally  e.x|>osod  Iver¬ 
sons  Kiteh  as  aerial  or  other  apjvlieator  jtersonnel 
may  well  have  hazanlous  (’III*  levels.  This  is 
<•au.se  for  lof^itimate  concern  since  it  could  Ive 
as.sociated  with  impaired  i>erformance  and  suli- 
sequent  aircraft  accidents. 

'Phe  third  {icneral  conclusion  from  the.se  data  is 
that  KEG  phenomena  will  probably  Ik*,  useful 
in  dint:niosis  of  jvoisoninf'  due  to  CITPs.  The 
EK(i  chanf^es  were  .seen  in  all  animals,  were 
<‘onsistont  in  pattern  and  apjveared  at  i-elatively 
hvw  doses  of  the  CITPs.  It  thus  seems  likely 
that  tho  CITP'indueed  ehangrx  m  tho  KEG  (in- 
<*reases  in  amjvlitude,  frequency,  and  “spiking"; 
decreases  in  alpha-tyjxs  activity)  can  lx*  used  as 
a  basis  for  diagnosis  of  |x)isoning  althougli  much 
more  work  is  needed  to  isolate  tho  it*lcvant 
diagnostic  criteria. 

IV,  Summary* 

Evidence  is  presented  sliowing  tltat  pesticides 
can  affect  brain  bioelectric  phenomena  at  doses 
well  Ijelow  these  cansing  seizures  or  other  gross 
lK*havioral  changes.  Chronic  administration  of 
high  levels  of  endrin  induced  seizures  in  squirrel 
monkeys.  Some  months  after  termination  of 
endrin  administration  ,the  seizures  recurred,  un¬ 
der  stress  conditions.  It  is  suggested  that  this 
phenomenon  may  Ije  due  to  a  stress-induced  re¬ 
lease  of  endrin  from  body  fat.  Some  implications 
of  these  findings  for  aerial  applicator  personnel 
are  discussed. 
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RECOVERY 

M 

I  Soe. 

PiauRK  2.  KEG  m-ords  taken  from  the  monkey  "Charlie”  lM‘fore,  finrina  ami  after  chronic  endrin  injection — the 
control  reei*nl  waa  taken  Juat  l»efore  dnig  Injection  lieimn.  The  **J*  mi:/k|;"  record  waa  taken  S  weeka  after  the 
^•^*llfrol.  The  “10  imt/kK”  reconl  waa  taken  Iweek  later  and  the  recovery  record  waa  nude  .'I  weeka  later  atlll. 
Ahhreviatlmia :  AMY,  lateral  amyRdalnr  nuelena ;  HIT*,  ^■entral  hiiMawampna ;  LGp,  lateral  senlcnlate  liody : 
Xn’,  iKiaterlor  thalamic  iniclear  complex:  S.  Coll,  auperlor  collimliia:  ST.  CX.,  atriate  cortex. 


9 


12:10  A.M. 


12:45  P.M. 


S  Ste. 


Fiouiuc  3.  RecordH  from  “Boh"  taken  17  weekk  after  cndrln  was  illscontlnned  and  14  weeka  after  the  laat  pr^ona 
recording.  Note  development  of  stelznrea  2  hoiira  and  45  mlnutea  after  the  drat  rceordtnit  or  about  8  hoora 
after  the  animal  was  placed  In  the  reatraint  chair.  SUntUr  phenomena  were  aeen  In  the  other  anlma^  Ab- 
hrevlatlons :  AMY,  lateral  amygdalar  nuclena ;  HPT,  ventral  hlppocampua ;  LChs  lateral  lenlculate  body ;  a.  CoU^ 
superior  coIUcuIuh;  ST.  Cx.i,  Ipsllateral  striate  cortex;  ST.  Cx.i,  contralateral  atrlate  cortex. 
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